INTRODUCTION
============

The Gram-positive soil bacterium *Bacillus subtilis* is one of the best-characterized organisms. It serves as a model organism for important Gram-positive pathogens such as *Bacillus anthracis*, *Listeria monocytogenes* or *Staphylococcus aureus*. Moreover, *B. subtilis* and its relatives (*Bacillus licheniformis* and the lactic acid bacteria) are intensively used in biotechnology for commercial production purposes. In the past few years, *B. subtilis* has been in the focus of several large systems biology projects. These projects, as well as the continuous molecular genetics and biochemical research, have considerably increased our knowledge on *B. subtilis*. This importance of *B. subtilis* and the substantial increase of knowledge make the easy and structured access to all information concerning *B. subtilis* an important task. For a long time, the database SubtiList ([@gkt1002-B1]) has been the primary source of rapid information on *B. subtilis* genes and proteins; unfortunately, SubtiList has not been updated since 2001.

To provide the community with up-to-date information, we created the Wiki-based data source *Subti*Wiki ([@gkt1002-B1]). The intitial information listed in *Subti*Wiki was derived from the SubtiList database as well as from the research as it is published. Therefore, both the scope and information content in *Subti*Wiki by far exceeded SubtiList already in the first release ([@gkt1002-B2]). The Wiki kind of data collection makes it possible to use the collective expertise, as each qualified member of the *Bacillus* community can contribute to *Subti*Wiki. The Wiki is accessible to anyone interested in any specific aspect related to *B. subtilis* and other Gram-positive bacteria.

*Subti*Wiki was originally a collection of pages providing inter-linked information for each gene of *B. subtilis*. In the meantime, it has been substantially expanded by adding new modules devoted to the presentation of metabolism and regulation (*Subti*Pathways) ([@gkt1002-B3]) and to the protein--protein interactions (*Subt*Interact) ([@gkt1002-B4]).

The system-level analyses performed during the recent years provided a wealth of information on gene expression. Therefore, we have developed *Subti*Wiki, with a specific focus on the presentation of gene expression annotation. For this purpose, we have created a novel module of *Subti*Wiki, *Subti*Express. In addition, the gene pages have been updated based on new information from the publications.

In this work, we describe the current state of *Subti*Wiki with emphasis on the new features: (i) *Subti*Express for the intuitive visualization of transcriptome profiling data and (ii) the significant revision of the lists of essential and sporulation genes.

THE PAGES FOR INDIVIDUAL GENES, PROTEINS AND RNAs
=================================================

The central component of *Subti*Wiki is the individual pages for each gene that provide all the available information on both the gene and its product, usually a protein, sometimes an RNA. Since the last report on *Subti*Wiki ([@gkt1002-B4]), the pages have been continuously updated, and several new features have been introduced on these pages, most strikingly the information on gene expression.

The *Subti*Wiki gene page for *eno* (encoding enolase) is shown in [Figure 1](#gkt1002-F1){ref-type="fig"}. To the table at the top of the page, a link to the gene expression module *Subti*Express (see below) has been added. Moreover, an image giving an immediate overview on the expression of the gene under 104 different conditions was inserted. Finally, the links to the DNA sequence (both the gene and the gene with the adjacent region) and the protein sequence have been updated. Below the table, the functional categories and regulons for the gene/protein are shown. This allows immediate access to all related genes or proteins that are members of the same category or regulon. The next sections contain the information about the gene and the protein as well as on gene expression. In the expression part, links to the new expression module *Subti*Express were added. At the bottom of the page, the references for the gene/protein/RNA are listed. Figure 1.The *eno* gene page in *Subti*Wiki. Pages for each gene of *B. subtilis* exist in *Subti*Wiki. The table at the top of the page provides the most important information including links to the modules *Subti*Express, *Subt*Interact and *Subti*Pathways. The image with the expression profile is clickable and leads the user to the *Subti*Express page of the gene (see [Figures 3](#gkt1002-F3){ref-type="fig"} and [4](#gkt1002-F4){ref-type="fig"}).

The regular updates of *Subti*Wiki had significant consequences: 130 genes previously assigned to the category 'Protein of unknown function' could be deleted from the list since the last update. Moreover, 13 newly discovered regulons have been added, and for one previously suspected regulator (LytR), experimental research has revealed that the protein is not a regulator but is involved in the attachment of anionic polymers to peptidoglycan, and the protein was accordingly renamed TagU ([@gkt1002-B5]). In total, 62 proteins were given new designations in the past 2 years; accordingly, the names of the corresponding pages were changed in a way that both the old and the new names guide the user to the most updated page (to track changed designations, the move log of *Subti*Wiki can be consulted: <http://subtiwiki.uni-goettingen.de/wiki/index.php?title=Special%3ALog&type=move>).

In the previous update, we have introduced the functional categories and regulon lists. In the meantime, these lists have proven to be valuable instruments to support experimental research ([@gkt1002-B6]).

ESSENTIAL GENES
===============

Recently, biology has developed a major interest in determining the set of genes that is required to sustain a living cell. The basis of this set is the essential genes of an organism. However, the essential genes are not sufficient to provide all necessary biochemical activities, as many essential metabolites can be obtained in different ways; e.g. the availability of all proteinogenic amino acids is essential for any living cell but only two genes involved in amino acid metabolism (*glyA* and *metK*) are essential in *B. subtilis*. This is due to the fact that amino acids can be obtained in two different ways: (i) by biosynthesis or (ii) by uptake from the medium. Thus, either biosynthetic enzymes or amino acid transporters have to be present in a minimal cell, although none of the individual genes is essential. Nonetheless, the essential genes are the basis for all projects to construct minimal organisms. For *B. subtilis*, the set of essential genes was first studied in 2003 ([@gkt1002-B7]), and the functional category 'Essential genes' had been introduced in 2010 in *Subti*Wiki to provide an easy overview on these important genes. In the meantime, we have re-analyzed the set of essential *B. subtilis* genes, both by experimental studies and by data mining from the literature. Interestingly, it turned out that many ribosomal proteins are not essential in *B. subtilis* ([@gkt1002-B8]). Similarly, and in contrast to the previous report, several glycolytic enzymes were found to be dispensable ([@gkt1002-B9]). This finding is in good agreement with metabolic models that do not see any need for glycolytic enzymes as long as intermediates from both ends of the pathway are available (such as glucose and malate as an intermediate of the citric acid cycle) ([@gkt1002-B10]). Recently, the *odhB* gene encoding the E2 subunit of the 2-oxoglutarate dehydrogenase, as well as the gene pairs *yddT* and *yomL*, and *yloU* and *yqhY* were found to be dispensable as well (our unpublished results).

The dynamics of the list of essential genes is not only due to the fact that 36 genes previously said to be essential were shown to be actually dispensable; in addition, 20 novel essential genes have been discovered in the past 10 years. All this information is now covered in the updated *Subti*Wiki page for the category 'Essential genes' (<http://subtiwiki.uni-goettingen.de/wiki/index.php/Essential_genes>, [Figure 2](#gkt1002-F2){ref-type="fig"}). As of September 2013, 254 protein-coding genes of *B. subtilis* are regarded as being essential. The largest group of these proteins is required for protein synthesis, secretion and quality control; large sets are also involved in metabolism and cell division. Owing to the intensive research on *B. subtilis*, only two essential proteins are of unknown function. The regularly updated list of essential proteins will be an important foundation for efforts to create a minimal cell based on *B. subtilis*. Figure 2.Page on the category 'Essential genes'. The page gives an overview of all essential genes. The essential genes are grouped according to their functions. The page is regularly updated, as new essential genes are identified or others deleted from the list.

*Subti*Pathways and *Subt*Interact--TWO RESOURCES THAT COMPLEMENT *Subti*Wiki
=============================================================================

To enhance the properties of *Subti*Wiki, we have created accompanying Web sites that provide additional sets of information. Two of these modules, *Subti*Pathways and *Subt*Interact, are devoted to the presentation of metabolic and regulatory pathways and of protein--protein interactions, respectively.

*Subti*Pathways is based on published models and experimental data on the metabolism and gene regulation in *B. subtilis*. As of autumn 2013, *Subti*Pathways encompasses 35 diagrams covering many aspects of *B. subtilis* physiology, development and regulation. The diagrams are extensively linked to the *Subti*Wiki pages of the relevant genes and, on the other hand, each gene page contains a link to the specific diagram, if available.

The protein--protein interactions in *B. subtilis* are displayed in the module *Subt*Interact. There are two complementary presentations: a genome-scale model was created using Cytoscape and converted to a zoomable and clickable map using the Google maps API and the program CellPublisher ([@gkt1002-B11]). In addition, specific pages for each protein show the respective interactions at the first (primary interactions) and second levels (interactions of the primary partners), up to the fourth level. This allows getting a picture of the whole interaction network of any given protein. As described above for *Subti*Pathways, all proteins shown in *Subt*Interact are labeled with clickable markers to link them to their *Subti*Wiki pages. Moreover, a click on any protein of an interaction network will re-center the presentation around this protein. By September 2013, *Subt*Interact contains 2055 interactions involving 917 different proteins and 5 RNAs. This corresponds to 225 novel interactions and 116 novel proteins participating in interactions since the last report on *Subti*Wiki. The protein-specific interaction networks are directly accessible from the table on the top of the gene pages ([Figure 1](#gkt1002-F1){ref-type="fig"}).

*Subti*Express--A PRESENTATION OF GENE EXPRESSION IN *B. subtilis*
==================================================================

As most other bacteria, *B. subtilis* is capable of adapting to a variety of changing environments. This is the case for all nutrients including carbon and nitrogen sources and also for different stress conditions such as temperature or osmotic stress. The main mechanism of this adaptation is the changes in gene expression to ensure that under any specific condition precisely those genes are expressed that allow most rapid growth under the given circumstances. Thus, knowledge of gene expression is central to our understanding of the biology of an organism. Recently, two European consortia have investigated the transcriptome of *B. subtilis* under 104 different conditions using tiling arrays ([@gkt1002-B6]). Moreover, data from a chronotranscriptome analysis that cover gene expression during growth in a complex medium have become available ([@gkt1002-B12]). This depth of information on gene expression is unprecedented and has no match for any other organism. Unfortunately, there was no easy and intuitive access to the data of these studies. Therefore, we created a third module to accompany *Subti*Wiki, *Subti*Express. *Subti*Express provides pages for each individual gene that can be accessed from the respective *Subti*Wiki pages. Moreover, an overview on the gene expression profile was integrated on the *Subti*Wiki gene pages ([Figure 1](#gkt1002-F1){ref-type="fig"}).

The *Subti*Express pages contain three important sets of information. First, they present the expression of the gene under the 104 different conditions. To make the images more easily accessible, we have defined a frame that allows to mouse over the image and to see the specific experimental condition once the mouse is situated at a data point. Additionally, clicking on the data point will give access to a new page that shows the precise experimental conditions used to study the expression levels ([Figure 3](#gkt1002-F3){ref-type="fig"}). In addition, these pages for each condition also contain a list with all the genes that are highly expressed under the given condition. As usual, the genes in this list are linked to their respective *Subti*Wiki pages. The second part of the *Subti*Express pages shows the results from the chronotranscriptome study, i.e. during growth in a rich medium at 10-min intervals. Finally, the bottom part of the pages presents the genomic organization of the gene and the transcriptional landscape as deduced from the high-density tiling array experiment (transcriptional intensities, start and stop signals) for the two DNA strands ([Figure 4](#gkt1002-F4){ref-type="fig"}). At the top of the gene-specific expression pages, there are links to the corresponding *Subti*Wiki and *Subt*Interact pages as well as to the page of the original expression browser from which the information was imported to *Subti*Express ([Figure 3](#gkt1002-F3){ref-type="fig"}). Figure 3.Expression profiles in *Subti*Express. For each gene, a specific *Subti*Express page is available. On mousing over a particular condition, a short description of the condition shows up. A click will result in a new page with the detailed explanation of the experimental condition and the list of genes highly expressed under this condition. Figure 4.The transcription landscape in *Subti*Express. At the bottom of the *Subti*Express pages, the genome organization, transcription signals and transcription intensities derived from a large-scale tiling array study are displayed.

NOVEL SPORULATION GENES
=======================

In the past few years, several genomic and transcription factor-specific transcriptome analyses of the genes involved in sporulation have been published ([@gkt1002-B13]). Importantly, Galperin *et al.* ([@gkt1002-B14]) have studied the minimal set of sporulation-specific genes in bacilli and clostridia. The recent transcriptome analysis under 104 defined conditions confirmed sporulation genes identified in earlier transcriptome studies that were, however, not included in the regulation database DBTBS ([@gkt1002-B15]). Moreover, this study identified many novel genes that are specifically expressed under sporulation conditions ([@gkt1002-B6]). For most of these new sporulation genes, no function had been known before. However, some metabolic proteins, such as a citrate transporter and the alternative citrate synthase CitA, are specifically expressed under sporulation conditions, suggesting a role for citrate metabolism during sporulation. Based on transcription profiling, 145 new proteins were found to be functionally related to sporulation. These new functional assignments demonstrate how the integration of data in one central tool helps to accomplish the central claim of functional genomics, i.e. to provide indications for the functions of so far unknown proteins. For several of the newly discovered sporulation proteins, their implication in sporulation has recently been experimentally demonstrated ([@gkt1002-B16]). The annotation of sporulation genes has recently been significantly enhanced by the creation of SporeWeb, an interactive knowledge platform about the sporulation cycle of *B. subtilis* ([@gkt1002-B12]). The information in SporeWeb is linked to gene-specific pages of *Subti*Wiki to facilitate the interaction between the two databases.

PERSPECTIVES
============

*Subti*Wiki (with *Subti*Pathways, *Subt*Interact and *Subti*Express) has become one of the most complete inventories of knowledge on a living organism in one single resource. The continuous updates and the novel features both contribute to its popularity, which is reflected by \>2.5 million page visits during the past 12 months. This corresponds to a 250% increase in the past 2 years.

In the future, keeping up-to-date with the forefront of research will remain a key task for the development of *Subti*Wiki. In addition, we will develop *Subti*Wiki to become a major foundation for genome minimization projects, and we will include broader information on protein localization.
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